To cause disease, enterotoxigenic Escherichia coli (ETEC) must produce 1 or more enterotoxins (LT, STa, STb) and colonize the small intestine. Bacterial adhesins, known as fimbriae or pili, promote attachment to and colonization of the small intestine. Four classical fimbrial types, K88, K99, 987P, and F41, are associated with ETEC infections in neonatal pigs. Of these, K88 fimbriae are also associated with ETEC diarrhea in postweaning pigs. 19, 21 With the exception of K88, the fimbrial adhesins associated with ETEC diarrhea in postweaning pigs are less well characterized. ETEC strains are negative for the 4 classical pilus types and are referred to as 4P -ETEC. 10, 12, 15, 20 immunologic methods may be lower than estimates based on genetic testing.
Investigators in several laboratories have been working to characterize 4P -ETEC associated with postweaning diarrhea in pigs. Most have shown that a majority of the 4P -ETEC in their culture collections express adhesins that are biochemically, antigenically, and genetically related. Many names have been given to the adhesins produced by these ETEC, including 2134P, 8813, and AV24. 2, 8, 12, 18 These fimbriae are also similar to F107 fimbrial adhesins associated with Shigalike toxin-producing E. coli that cause edema disease in postweaning pigs. 1, 6, 9, 17, 22 These closely related fimbriae have been proposed to be 2 variants of a single fimbria family, designated F18ab (forF107) and F18ac (for 2134P, 8813, AV24). 17 Both F18ab + and F18ac + E. coli isolates can be identified by DNA hybridization using a Fl8ab fedA subunit probe. 6 F18ac fimbriae can be differentiated from F18ab fimbriae using the F18ac-specific monoclonal antibody (MAb) 6C7/ C1. 3 Escherichia coli was reported as the likely etiologic agent of diarrhea in 47% of the fecal specimens from weaned pigs that were submitted to Ambico between 1987 and 1990. 7 An E. coli isolate was considered significant if it tested positive by immunoassay for one of 4 fimbria types (K88, K99, 987P, F41), if the viable count of E. coli in the small intestine was > 10 7 colony-forming units/ml, or if the isolate adhered to the brush borders of isolated porcine intestinal epithelial cells. The objective of our study was to determine if F18ac fimbriae were common on saved 4Pß-hemolytic E. coli isolates from the previous study 7 and other isolates submitted to Ambico between July 1990 and September 1994.
Escherichia coli was identified in 389 of 683 porcine postweaning diarrhea samples received at Ambico between September 1988 and September 1994. The first 341 of these E. coli isolates were tested for K88, K99, 987P, and F41 by enzyme-linked immunosorbent assay (ELISA) and indirect immunofluorescent antibody technique using fimbria-specific antisera. 4 The distribution of fimbria types initially identified at Ambico is shown in Table 1 . Twenty-six percent of the isolates were positive for K88 and 8% were positive for K99, F41, or 987P; 66% (257 strains) were ß-hemolytic and 4P -. Testing for F18ac by ELISA was not done before January 1994 and was included only for the last 48 E. coli isolates; thus, F18ac + E. coli isolates are grouped with 4P -E. coli in Table 1 .
Historically, K88 has been considered the predominant fimbria type associated with postweaning diarrhea in pigs. In earlier studies, K88 fimbriae were identified in approximately 40% of postweaning ETEC isolates. 12, 14, 18, 20 The prevalence was as high as 72% in 1 study. 21 However, a large percentage of isolates in these studies were 4Por untypeable. Testing for F18 fimbriae was not included in these earlier studies. More recent studies that have included testing for F18 fimbriae have identified F18 fimbriae in 31-57% of 4Ppostweaning isolates. 3,6,9 Because F18 fimbriae cannot always be identified in vitro, estimates of prevalence determined by Sixty-five of the 4P -E. coli isolates were tested for F18ac by ELISA when antisera against F18ac became available. Because fimbria detection methods had changed during the sample collection period, these isolates were again tested for K88 fimbriae. For the F18ac ELISA, microtiter plates a were sequentially incubated with rabbit anti-F18ac IgG 3 (coating antibody), fetal bovine serum, b E. coli samples (grown in trypticase soy broth overnight at 37 C), anti-F18ac MAb 6C7/C1 3 (detection antibody), anti-mouse peroxidase conjugate, and ABTS. c K88 fimbriae were detected by a similar ELISA using K88-specific MAbs (unlabeled for coating antibody and horseradish-peroxidase-labeled conjugate for detection antibody). Seventeen (26%) 4P -E. coli isolates were F18ac + , 5 were K88 + , and 43 were F18acand K88 -.
Thirty-eight 4P -E. coli isolates (the 17 that were F18ac + and 21 of the F18ac -K88strains) were selected, based on their association with high morbidity or high mortality outbreaks or possession of other recognized virulence attributes, and sent to the National Animal Disease Center for further characterization. The presence of heat-labile (LT) and heatstable (STa, STb) enterotoxin genes, Shiga-like toxin (SLT-I, SLT-II) genes, and fimbria (K88, F18) genes was determined using the DNA colony blot hybridization technique and probes previously described. 3, 5, 11, 16 The toxin profiles of the selected strains are shown in Table 2 : 29 isolates were enterotoxigenic, 4 isolates were SLT-II+ (3 of these were also enterotoxigenic), and 8 isolates were negative for enterotoxins and SLT. Thirty-five of the 38 selected strains hybridized with the F18 fedA gene probe, indicating that these strains were either F18ab + or F18ac + (Table 2) . One strain hybridized with both the F18 and the K88 probes.
In vitro expression of F18ac was determined by dot blot immunoassay 3 using MAb 6C7/C1 and bacteria cultured in trypticase soy broth (incubated statically for 18 hours at 37 C in 5% CO 2 ). Twenty-one strains (19 ETEC, 2 nontoxigenic strains) were F18ac + by ELISA or dot blot assay (14 strains were positive by both ELISA and dot blot, 2 strains only by ELISA, 5 strains only by dot blot). All ETEC strains that were LT + and STb + were F18ac + . However, only 7 of the 17 ETEC strains that were LT-were Fl8ac + . The LT + STb + strain that hybridized with both the F18 and IS88 probes was positive for F18ac, but not for K88, indicating in vitro expression of F18ac but not of K88.
Although prevalence of F18ac cannot be predicted from these results, this study demonstrates that F18 fimbriae are common on ETEC isolated from postweaning pigs with diarrhea. Fl8ac fimbriae were identified by immunoassay on 55% (21/38) of the E. coli isolates selected for this study. Thus, at least 32% (21/65) of the saved 4Ppostweaning E. coli isolates that had been submitted to Ambico between 1988 and 1994 were F18ac + . Isolates were selected for this study based on their association with serious diarrhea outbreaks and because they possessed recognized virulence attributes. Most (76%) of the isolates were ETEC, as was expected based on the selection criteria. All ETEC were genotypically F18, and 66% of these were phenotypically F18ac + . The F18 probe-positive ETEC that did not react with MAb 6C7/C1 may be either F18ac variants that failed to express F18ac under the conditions used in this study or other variants of F18. Two of 6 F18 probe-positive nontoxigenic strains were phenotypically F18ac + . None of the 4 SLT + strains were phenotypically F18ac + , but 3 of them were F18 probe positive and may be F18ab + .
F18ac fimbriae were identified on isolates from 6 states [STa, STb] ) and F18 fimbriae genes was determined by using the DNA colony blot hybridization technique. 3, 5, 11, 16 † Bacteria were tested for F18ac fimbriae by dot blot immunoassay using monoclonal antibody 6C7/C1. 3 from which E. coli isolates were available, further defining the wide distribution of these adhesins. Previous reports demonstrated that 31% of 4P -ETEC isolates from postweaning pigs with colibacillosis were F18ac +3 and 45% of 4P -ETEC isolates from weaned Swedish pigs with diarrhea were F18 positive. 9 Although different criteria were used for selecting the strains included in each study, these studies clearly demonstrate that F18ac fimbriae are widely distributed, and the findings support the hypothesis that F18ac fimbriae are important virulence attributes of E. coli associated with postweaning diarrhea. Therefore, F18ac fimbriae, as well as K88, should be included in vaccines to prevent E. coli diarrhea in postweaning pigs.
A 6-day-old crossbred male lamb with a history of weakness was presented to the Animal Health Diagnostic Laboratory for necropsy. On gross examination, the carcass was thin. The liver was enlarged and had multiple well-demarcated to coalescing 2-10-mm-diameter yellowish foci with a caseous consistency throughout the parenchyma (Fig. 1) . On cut section, the wall of the rumen had a 5-x 7-cm thickened area with a yellowish red, dry appearance and was very friable (Fig. 2) . Segments of the omentum were attached to the serosal surface of the rumen in the affected areas. No other gross lesions were observed.
Microscopically, the liver had multifocal to coalescing nonencapsulated areas of eosinophilic and amorphous material admixed with cellular debris (caseous necrosis) with minimal inflammatory reaction (Fig. 3 ). There were numerous colonies of gram-negative filamentous bacilli and occasional cocci in the periphery of the necrotic areas (Fig. 4) . The adjacent sinusoids contained lymphocytes and neutrophils, and sinusoidal cells were prominent. The wall of the rumen in the grossly affected area had ulcerations and full-thickness ne-
